Nonzero chemical potential studies with Wilson fermions should avoid the proliferation of avor-equivalent nucleon states encountered with staggered formulation of fermions. However, conventional wisdom has been that nite baryon density calculations with Wilson fermions will be prohibitively expensive. We demonstrate that the volume method applied to Wilson fermions gives surprisingly stable results on a small number of con gurations. It is pointed out that this method may be applied to any local or nonlocal gauge invariant quantity. Some illustrative results for < > and < J > at various values of in a quenched lattice simulation are given.
INTRODUCTION
The behavior of quenched lattice QCD atnite chemical potential is poorly understood. In previous simulations using staggered fermions an early onset of the baryon phase transition occurs at 
This is because fTr M 1 (x; t;x 0 ; t 0 )]g U = fTr M 1 (x; t;x; t)]g U x;x 0 t;t 0 (6) as a consequence of Elitzur's theorem 5]. The right hand side of Eq.(4) is simple to evaluate because it is just the trace of a quark propagator starting at all inital space-time points with unit weight. Likewise, the volume method can be applied to the THEV of any gauge invariant quantity. The conserved and appropriately normalized nonlocal Wilson charge density operator at nonzero is given by J(x; t) fe (x; t + 1)(1 + 4 )U y 4 (x; t) (x; t) e (x; t)(1 4 )U 4 (x; t) (x; t + 1)g: (7) (The factors of e will remove any trivial dependence in < J > from quarks which do not loop in the time direction.) We then have the THEV: X x;t < J(x; t) >= X x;t fTr e M 1 (x; t)(1 + 4 )U y 4 (x; t) +e M 1 (x; t + 1)(1 4 )U 4 (x; t)]g U ; (8) where we have again replaced the point-topoint space-time propagators by initial spacetime summed ones, using Eq.(5). Since these expressions assume a gauge eld average, an important numerical question is how well the gauge invariant signal in Eqs. (4) and (8) is projected out of the gauge variant noise. For this purpose we turn to the numerical simulations.
RESULTS
We present results on a small number of con gurations in Figs. 1 and 2 for < > and < J >, As is evident from the gures, the volume method gives statistically stable results for both < > and the charge density, < J >. This is very encouraging considering the small number of con gurations used. Thus, quenched nite density Wilson simulations are feasible without excessive amounts of computer time.
Since there is only one light Wilson fermion avor, our results are compatible either with a shift to lower due to nite temperature 2] or a true early onset at = m 2 7] . In order to clearly distinguish between these two interpretations, further measurements at lower quark masses, where the pion and delta mass scales are more widely separated, are planned.
